Introduction
There has been a fundamental change in the face of injury in the United States. Traditionally, injury was thought to be a disease of the young male population, with motor vehicle collision (MVC) being the most common mechanism of injury. Depending on the trauma center, blunt trauma would comprise up to 99% of patients admitted. This profile has fundamentally changed over the last 15 years. Trauma center performance is often benchmarked against local, regional, or national norms, and as all medical centers now measure quality as the primary endpoint, these changes in demographics can be very important.
Certainly, the most important change has been the "graying" of trauma patients. When I (TS) started working in Baltimore 20 years ago, patients over age 65 years comprised approximately 5% of our total trauma admissions. Last year, over 30% of our 7,000 primary admissions were patients over age 65 years who had sustained ground-level falls.
Injury patterns in the elderly differ compared to standard blunt trauma in which traumatic brain injury (TBI) is common. Extremity fractures, particularly hip fractures, are common, whereas torso injuries other than rib fractures are relatively uncommon.
As this article points out, elderly trauma patients almost universally have significant medical problems. Cognitive deficits and balance issues may explain ground-level falls in this population. Syncope from a myriad of underlying medical conditions and/or medications may have contributed to their falls as well.
The evaluation process for elderly trauma patients must be directed not only at diagnosing injury but also at attempting to identify the reason for the injury. This may involve a number of diagnostic tests in the ED, in the outpatient setting, or even on an inpatient floor.
Unfortunately, elderly patients can succumb to relatively minor injuries, and those who survive such afflictions often have difficulty making a full recovery. Many elderly patients who were able to function preinjury were marginally compensated at home. Operative therapy, often needed to treat injuries such as a hip or extremity fracture, by itself represents physiological burden to an elderly patient. Likewise, full recovery after even a mild TBI can be quite difficult.
Admitting an elderly patient to the hospital can present several challenges. For example, elderly patients are often on a number of prescription and nonprescription medications, including over-the-counter
In the first of two parts, the authors present the challenges in treating the increasing numbers of older trauma patients, patients on anticoagulation therapy, and patients with penetrating wounds.
nutritional and herbal supplements, many of which interact with the newly prescribed medications given to treat trauma (eg, analgesics, sedatives, antiseizure drugs). Moreover, elderly patients often become disoriented and agitated when they are out of their home environment. All too often, the therapy for these and other problems is another medication, and thus the cycle continues. Therefore, elderly patients are ultimately at increased risk for death from seemingly trivial injury, which in turn may create significant perceived quality issues for a medical center.
The use of systemic anticoagulation has become almost ubiquitous in older patients. Some days it seems like every patient I (TS) admit is taking an anticoagulant-at least aspirin. While primary care providers (PCPs) correctly realize the important role these anticoagulants have in treating chronic medical conditions, they often do not recognize the dangers associated with increased traumatic bleeding following an injury.
Frequently, we knowingly take patients with conditions such as rate-controlled atrial fibrillation (AF) off their prescribed anticoagulant, believing they are simply not candidates for anticoagulation because of their propensity to fall. Even though we attempt to communicate our concerns to the PCP, when these patients are readmitted, it is common to find that they have been placed back on an anticoagulant.
The advent of novel oral anticoagulants (NOACs) has made routine laboratory testing obsolete. One need only to turn on the television to see the many advertisements explaining why this agent or that agent is preferable to warfarin. While, fresh frozen plasma (FFP) and/or prothrombin complex concentrates (PCC) are quite effective at reversing the anticoagulant effect of warfarin, reversal of these newer agents is either extremely difficult or impossible.
Anticoagulant reversal can be more or less important, depending on the situation. For instance, while subcutaneous bleeding is concerning, it can be temporized by operative exploration and/or packing. When necessary, blood can be transfused to replace the blood lost. However, the same is not true for a patient with significant TBI, because even a small volume of ongoing hemorrhage can prove lethal. Cavitary hemorrhage in the chest and/ or abdomen is also extremely difficult to treat if the anticoagulant effect cannot be reversed. Given the popularity of the new anticoagulants, I (TS) am afraid that this problem will be with us for years to come.
There has been a significant spike in interpersonal violence in the United States over the past few years. While the cause is often difficult to identify, its existence is impossible to ignore. The violence seems to be concentrated in a number of municipal areas, but violence can occur in any community. Certainly, even mass casualties have become part of our everyday life.
In 2016, homicides and nonfatal shootings increased dramatically relative to 2015. In 2017, we are tracking a 40% increase in homicides and a 30% increase in nonfatal shootings-particularly concerning when one considers that these numbers are being compared to the previously increased 2016 statistics.
Many community EDs are not accustomed to dealing with a significant volume of penetrating trauma, and thus they may not be as familiar with the newest means of resuscitation, evaluation, and treatment of these injuries. It will be important for every medical center to do what is necessary to be able to effectively triage and provide initial treatment for patients with penetrating trauma.
The victims of penetrating trauma are often young, and unfortunately, despite our best efforts, these patients often die in the ED. This creates a huge emotional burden on people who work in the ED, particularly those who are not used to seeing large volumes of gunshot wounds (GSWs) or stab wounds. Even those of us working in busy urban trauma centers feel the emotional The evaluation process for elderly trauma patients must be directed not only at diagnosing injury but also at attempting to identify the reason for the injury.
burden of this new epidemic. Each of us will need to cope with these issues and help each other deal with them.
It is important to recognize the dramatic change in trauma demographics over the last few years, and make plans to care for the changing face of trauma to optimize results and save as many lives as possible. In part 1 of our 2-part, "The Changing Landscape of Trauma Care," we focus on the specific issues and concerns encountered in elderly trauma patients, as well as victims of all ages presenting with penetrating trauma from stab and GSWs.
Trauma in the Elderly Population
There has been and continues to be an increase in the elderly population in the United States. In 2014, 46 million Americans representing 15% of the total population were older than age 65 years. 1 Of all age groups in the United States, the elderly population is one of the fastest growing and, according to the 2010 Census, grew at a faster rate than in previous years. 2 This growth is expected to continue as many of the post-World War II baby boomer generation age. By the year 2030, an estimated 1 in 5 Americans will be older than 65 years of age-representing a 7% absolute increase from 2010 to 2030. 1 Furthermore, men and women in this population are maintaining an active lifestyle well into their seventh and eighth decade, which has led to an increased incidence of trauma in this age group, primarily from falls and low-velocity MVCs. According to data from the National Trauma Data Bank in 2016, nearly 43% of all traumatic incidents occurred in patients older than age 55 years, as compared to only 32% in 2010. 3, 4 Today, injury is the seventh leading cause of death among the elderly population. 
Pre-existing Conditions and Comorbidities
The elderly population tends to have more complex medical histories, with preexisting conditions and comorbiditiesboth of which result in intolerance to alterations from normal physiology after acute trauma and may place them at risk for complications and death. This point was highlighted in an invited commentary by one of us (TS) over 20 years ago, in which he stated, "Resting organ function often is preserved, but the ability to augment performance in response to stress is greatly compromised." 6 Studies in the early 1990s established a link between trauma outcomes and comorbidities. [7] [8] [9] Morris et al 7 found that ischemic heart disease, diabetes, chronic obstructive pulmonary disease, congenital coagulopathy, and cirrhosis highly influence trauma outcomes. They also noted that 25% of trauma patients over age 65 years had at least one of these five comorbidities and were nearly two times more likely to die. These findings were confirmed in 2002 by Grossman et al, 8 who demonstrated that each year over age 65 years held a mortality increase of 6.8%. 8 Additionally, they found that congestive heart failure, cancer, renal disease, and hepatic disease were the comorbidities with the highest impact on mortality. 8 The presence of pre-existing conditions or comorbidities has also been associated with increased risk for complications, and subsequent increased mortality. In 2010, Aitken et al 9 found that 6.2% of elderly trauma patients developed pneumonia postinjury, which was associated with increased intensive care unit (ICU) and hospital length of stay. Pre-existing pulmonary disease and higher Injury Severity Scores (ISS) were also found to be risk factors, demonstrating a 5.9% incidence of acute kidney injury in this group, conferring a 10-fold increased risk of mortality.
In efforts to improve outcomes in elderly trauma patients, many centers have integrated geriatric consults in the ED for all patients over a certain age, following injury. Though Olufajo et al 10 were unable to demonstrate an in-house or 30-day mortality benefit after implementing a mandatory geriatrics consult for patients over age 70 years, they did show a nonstatistically significant trend toward fewer ICU readmissions with the consults.
In 2001, Demetriades et al 11 reported a 50% mortality rate among patients aged 70 years and older who met criteria for full trauma team activation. Interestingly, the mortality rate for patients over age 70 years was 24%, compared to 7.6% for younger patients admitted during the same period. Those in the 70 years and older age group who did not meet criteria for full trauma team activation still had a 16% mortality rate, and 24% required ICU admission.
Demetriades et al 11 also demonstrated that prehospital/admission vital signs in patients 70 years and older were often normal but misleading. In this group, 63% of patients with an ISS greater than 15, and 25% with an ISS greater than 30 did not have tachycardia or hypotension criteria for full trauma activation. 11 These findings have led to recommendations for a lower threshold for trauma activations in geriatric patients. 12 Recent studies have suggested that adding an age threshold to the trauma activation criteria may improve outcomes without leading to an unacceptable overtriage rate. In 2016, Hammer, et al 13 reported improved outcomes, with only 2% of patients being overtriaged, when they added to their trauma activation criteria an age threshold of 70 years, regardless of physiology or mechanism of injury. They ultimately concluded that it was appropriate and cost-effective. In 2017, Cooper et al 14 published a position paper on the Geriatric Trauma Coalition (GeriTraC) covering the convergence of aging and injury. The mission of GeriTraC is to improve geriatric trauma care from prevention to transition of care. 14 
Fall-Related Trauma
Falls are the most common cause of fatal and nonfatal injury in patients over age 65 years. 15 Most fall injuries occur at home and during the winter months, and tend to be from ground level. 16 Although most result in only minor trauma, many cause significant injuries requiring hospitalization. In 2006, Stevens et al 17 estimated that both fatal and nonfatal falls in the elderly accounted for almost $20 billion in direct medical costs.
Motor Vehicle Collisions
Motor vehicle collisions/pedestrian struck are the second most significant causes of fatal and nonfatal injury in elderly patients. Older drivers who are hospitalized following an MVC have significantly longer hospital lengths of stay and an overall higher mortality rate. 16 Elderly patients are more likely to be victims of "pedestrian-struck-by-vehicle" due to their decreased visual and auditory acuity, reduced reaction time, slower movement, and confusion.
Suicide
Suicide is the third leading cause of injuryrelated death for those aged 65 years and older. 15 Risk factors for suicide in the elderly population include psychiatric disorders, particularly depression; medical conditions, especially cancer or chronic lung disease; moderate-to-large alcohol use; and social isolation. Changes in behavior, such as altering a will, new preoccupation with religion, or giving away life possessions, may be warning signs of impending suicide.
Novel Oral Anticoagulants
Many people, both old and young, are taking oral anticoagulants for various conditions. Warfarin has traditionally been the medication of choice, with readily available reversal agents, if needed. However, the development of NOACs, which antagonize activity of a single step in the coagulation cascade, has presented trauma care providers with a new challenge in achieving hemostasis. The NOACs include a direct thrombin inhibitor (dabigatran), and the Factor Xa (FXa) inhibitors (apixaban, edoxaban, and rivaroxaban). These NOACs have been shown to be as effective as traditional vitamin K antagonists (warfarin) with a comparable or lower spontaneous risk of bleeding. Along with an acceptable safety profile, these drugs cause significantly less drug and food interactions and are easier to dose, with no need for monitoring levels. 18 Since the arrival of the first NOAC dabigatran in 2010, use of these drugs has continued to increase, and are becoming more popular in the treatment of venous thromboembolism in younger patients as well. A study by Desai et al 19 examining newly initiated anticoagulation for AF between 2010 and 2013 found that 62% of all new anticoagulant prescriptions were for NOACs.
Hemostasis Challenges
Because of the lack of reversal agents or antidotes available, the NOACs present a unique challenge and major concern when anticoagulation properties must be reversed quickly. Among the NOACs, dabigatran is the only NOAC that is 35% protein bound and can be effectively cleared by hemodialysis (HD). Rivaroxaban and apixaban, in contrast, are highly protein bound (95% and 87%, respectively), which renders HD ineffective for clearance. Even for dabigatran, though HD may be a treatment option in the presence of potentially lifethreatening bleeding associated with dabigatran alone, this is only a possibility if the patient's hemodynamics can tolerate HD.
Extrapolating from experience with war-farin-associated bleeding, the use of FFP, PCC, and recombinant activated factor VII for NOAC-associated bleeding has been proposed and attempted. 20 Though FFP may be necessary to restore circulating blood volume as part of a massive transfusion protocol in a patient with NOACassociated hemorrhage, it is generally not a reasonable sole strategy for reversal of NOACs because the coagulation factors in FFP are not present in high enough concentrations to be effective. 18 
Prothrombin Complex Concentrates
Three-and Four-Factor PCCs. Four-factor PCC (4F-PCC), which became available for use in the United States in April 2013, contains concentrated amounts of all four of the vitamin K dependent factors (II, VII, IX, and X), as well as proteins C and S. Threefactor PCC (3F-PCC) does not contain significant levels of factor VII, 20 and preclinical studies on its efficacy in reversing NOACs have not been consistent.
Early studies using animal models showed promising results for both 3F-PCC and 4F-PCC in correcting derangements in laboratory coagulation markers as well as observed bleeding time. [21] [22] [23] However, other animal studies failed to demonstrate an improvement in observed bleeding time or volume despite full or partial correction of coagulation studies after PCC. 24, 25 In human studies, PCC has been observed to correct some laboratory parameters of coagulation, but not others. 26, 27 Thus far, these studies have been limited to healthy volunteers without active bleeding and have been largely ex vivo and in vitro studies, so it is difficult to determine if the demonstrated correction of coagulation studies translates into clinical benefit. Both 3F-PCC and 4F-PCC have shown promise, though studies with 4F-PCC have yielded more consistent results. 26, 27 Activated PCC. Activated PCC (aPCC), which contains the same vitamin K dependent factors (factors II, VII, IX, X) with some in their activated form, has shown similar results. In fact, ex vivo and in vitro studies thus far seem to suggest that aPCC is more effective than PCC in correcting coagulation test parameters, as well as thrombin generation indices. [28] [29] [30] [31] However, an aPCC has also been demonstrated to be more procoagulant and, thus, may increase the risk of thrombotic complications. 32 Recombinant Activated Factor VII Recombinant activated factor VII has shown less promise than PCC or aPCC in the reversal of NOAC-associated bleeding. Additionally, similar to aPCC, it may increase the risk of thrombosis. 20, 33 Monoclonal Antibody Agent
In October 2015, the US Food and Drug Administration approved idarucizumab, a monoclonal antibody agent for the reversal of dabigatran. Idarucizumab has a binding affinity approximately 350 times higher than the binding affinity of dabigatran for thrombin with no demonstrated procoagulant effects. 20 To date, there are no commercially available antidotes or reversal agents for the FXa inhibitors, though two promising agents are in various phases of clinical trials. The first, andexanet alfa, is a modified, recombinant factor X which binds FXa inhibitors with high affinity. This agent has shown promising results in the reversal of apixaban and rivaroxaban. 20 The second is called aripazine (PER977) and has the potential to reverse unfractionated heparin, low molecular weight heparins, fondaparinux, FXa inhibitors, and thrombin inhibitors. Early in vivo human studies have been promising. 18 Currently, there are no well-designed clinical studies examining the use of PCC for NOAC reversal in trauma. There are only a few published case reports, showing both successful and unsuccessful results, and a small retrospective series of only 18 patients specifically looking at both traumatic and spontaneous intracranial hemorrhage. [34] [35] [36] [37] There are also no universally agreed upon published guidelines for the management of NOAC-associated bleeding in the absence of drug-specific reversal agents.
Penetrating Trauma
The United States leads all high-income nations in GSW mortality, 38 and its rate of firearm homicide is almost 20 times that of other high-income countries. In 2014, there were more than 33,000 firearmrelated deaths in the United States, almost two-thirds of which were suicide-related. 38 These numbers represent 16.8% of all deaths from injury. For each fatal firearm injury, there were nearly two nonfatal firearm injuries (65,106) the same year. 39 Since 2001, the leading cause of death among black males aged 15 to 44 years has been firearm-related homicide. In 2015, that age demographic was lowered to include 10-to 14-year-old black males. In 2015, suicide by firearm was the second leading cause of death among white males over the age of 55 years and the third leading cause of death among white males aged 10 to 54 years. 40 Incidents of gun violence are on the rise. These incidents are becoming more frequent and more often fatal. In a retrospective review of their trauma registry, as well as county records, Sauaia et al 41 examined trends of GSW severity and mortality in Denver, Colorado from 2000 to 2013. They noted the proportion of GSW admissions remained stable over time, but injury severity and mortality from GSWs increased significantly, contrary to mortality and survival trends for all other injury mechanisms. 41 The increasing GSW severity and mortality trend is not unique to Denver. Many media sources in cities across the country have reported similar statistics obtained from their local police departments in the past year. Though gun violence is a subject that is in desperate need of prevention research, current legislation makes these studies challenging to undertake. In 1996, Congress passed the Dickey Amendment to the Omnibus Consolidated Appropriations Act for the 1997 fiscal year, which states that "none of the funds made available for injury prevention and control at the Centers for Disease Control and Prevention may be used to advocate or promote gun control." 42, 43 In the 2011 Consolidated Appropriations Act for the fiscal year 2012, this restriction was expanded to include the National Institutes of Health (NIH). 44, 45 These measures largely explain the paucity of primary research in gun violence in the last two decades-despite the increasing role and costs gun violence contributes to the US health care system. Gun violence is an epidemic, and like all other epidemics in the United States, it requires government-funded research to help protect the people. 44 
Conclusion
The last decade has seen some significant changes in trauma demographics in the United States. As the population of US men and women older than age 65 years continues to grow, trauma can no longer be considered a disease of young people. In addition to elderly men and women being more active than ever before, comor-bid diseases place them at higher risk for complications and death following injury. For these reasons, many trauma triage algorithms now include age as an independent factor in activating a trauma alert. In addition to age, medications, and especially polypharmacy, can place patients at greater risk of injury and complications following trauma.
The last 10 years also has seen an increase in the number of patients on anticoagulants. The development of the NOACs further complicates the care of trauma patients taking these medications. Although designed to simplify care for patients and providers by minimizing bleeding risks and eliminating blood monitoring, there are only limited, and sometimes no reliable reversal agents available for NOACs, creating challenges when treating trauma patients who are on these medications. Finally, despite efforts by many individuals and groups, gun violence still remains a large and growing problem in the United States. Hopefully, continued efforts of national, state and local programs will begin to improve the current situation.
Editor's Note: Part 2 of "The Changing Landscape of Trauma Care" will appear in the August 2017 issue of Emergency Medicine and will cover the changes in strategies and techniques to care for injured patients.
